Both prenatal and postnatal growth may affect the development of cognitive abilities. Prematurity and small body size at birth in epidemiologic samples have been found to have adverse effects on cognitive development.
live between March 15, 1985, and March 14, 1986 , who were followed up at a neonatal ward of the obstetric unit or transferred to the NICU of the Hospital for Children and Adolescents, Helsinki University Central Hospital, within 10 days of their birth. The population ranged from severely ill preterm infants to infants born at term requiring only brief inpatient observation. In total there were 1535 infants, that is, Ͼ10% of the newborns in the area, who were admitted to the neonatal ward for follow-up or treatment during the predetermined period. In addition, 658 infants born during the same period but not admitted to the neonatal ward were prospectively randomly recruited from the 3 largest maternity hospitals in the study area; the neonate born after every second hospitalized infant was selected. Thereafter, the participants were invited to clinical follow-up visits at 5, 20, and 56 months of age. The study protocol was approved by the ethical committees of each participating hospital, and the parent(s) gave their informed consent.
Of the 2193 infants selected for the Arvo Ylppö study, 1599 infants born at term (Ͻ37 weeks or Ͼ42 weeks) survived to the 56-month follow-up. We excluded 104 because of major impairments and/or mental retardation (ie, major congenital malformations, chromosomal abnormalities, grade 2-4 cerebral palsy, 17 deafness or a hearing defect requiring a hearing aid, epilepsy, and/or with developmental delay at 56 months of age). Finally, there were no follow-up data available at the 56-month visit for 439 infants. Altogether, the participants of the current study were 1056 children born at term and free of major impairments and/or mental retardation (see Fig  1) . Of the 602 admitted children, 77 were admitted for observation without any diagnosis. Among the more prevalent diagnoses were respiratory problems (n ϭ 197: 8 had respiratory distress syndrome, 65 had meconium aspiration syndrome, 28 had pneumothorax or other air leakage, and 96 had transient tachypnea or another neonatal respiratory condition), neonatal jaundice (n ϭ 140: 17 had neonatal hemolytic disease, 9 had peak bilirubin levels of 20 -25 mg/dL, and 1 had a peak bilirubin level Ͼ25 mg/dL), suspected sepsis (n ϭ 50: 16 had a positive blood culture), maternal infection (n ϭ 47), fetal distress (n ϭ 42), hypoglycemia (n ϭ 24, blood glucose Ͻ2.2 mmol/L in 2 consecutive measurements), maternal hypertensive disorder (n ϭ 14), and infant feeding problems (n ϭ 13). Less prevalent (n Ͻ 10) diagnoses included fetal blood loss or hemorrhage, minor anomalies such as clubfoot, and miscellaneous diagnoses such as torsion of the testis and pyelonephritis.
Of the infants born at term without any major impairment, those who provided follow-up data at 56 months of age (n ϭ 1056) did not differ from those who were lost to the follow-up (n ϭ 439) in gender (P ϭ .18), multiple pregnancy (P ϭ .57), or in the mother's height (P ϭ .46). However, infants lost to the follow-up were more likely to have been admitted to the neonatal ward (P ϭ .002), to come from less educated families (P ϭ .001), to have had younger mothers (P ϭ .007), mothers who smoked more during the pregnancy (P Ͻ .001), and whose gestational length was shorter and body size at birth smaller (Ps Ͻ .04).
Body Size at Birth and in Infancy and Childhood
Data on the newborns' date of birth, weight (grams), length (centimeters), and head circumference (centimeters) were extracted from the birth records, and the BMI was calculated (kilograms per meter squared). The same anthropometric measures were taken during the clinical visits at 5, 20, and 56 months. Because the clinical visits were arranged on working days, not all of the families were able to arrange to be there on the day when the child was exactly 5, 20, or 56 months old. Thus, all of the anthropometric measurements were corrected for exact age (mean: 5 months and 3 days, 20 months and 6 days, and 56 months and 16 days, respectively; SD: 9, 15, and 14 days, respectively) by linear regression.
Growth
The growth variables were the standardized residuals from the linear regression models of body size. Body size at each time point was regressed on corresponding measures at all of the earlier time points, thus creating completely uncorrelated residuals reflecting growth conditional on previous history. For example, weight gain from 20 months to 56 months of age, conditional on weight gain to 20 months of age, was calculated by saving the residuals from the regression model of weight SD scores at 56 months on weight at birth, at 5 months, and at 20 months. The residuals provided information on whether growth by a particular age was faster or slower than would have been predicted from previous measurements (see also ref 18 
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FIGURE 1
Selection of the participants.
Gestational Age
Gestational age was determined primarily from the date of the mother's last menstrual period and ultrasound examination. All of the infants were given a Dubowitz examination. 19 When there was a difference in the estimates of Ͼ2 weeks, the Dubowitz clinical maturity assessment results were used.
Cognitive Assessments at 56 Months
During the clinical follow-up visit, 1 member of a team of 4 trained pediatricians gave cognitive-ability tests to the children. 15 First, general reasoning was measured on the Columbia Mental Maturity Scale. 20 This is a nonverbal cognitive-ability test consisting of 100 cards displaying sets of 3 to 5 drawings from which the child has to select the 1 that is different from or unrelated to the others. Second, visual-motor integration was measured on the Beery scale 21 ; the child is asked to copy geometrical figures. Third, verbal competence was measured by administering a Finnish translation of the verbal competence test devised by Kiese and Kozielski. 22 It is composed of 82 picture-naming tasks and is similar to the Peabody picture vocabulary test 23 that is frequently used to assess verbal intelligence. Fourth, language comprehension was assessed on the Logopädisher Sprachverständnis Test devised by Wettstein, 24 which includes a set of standard toys with which the child is asked to follow the actions verbally requested by the examiner. All of the cognitive test scores were corrected for exact age at measurement.
Confounders
The following data were derived from hospital records and maternal interviews at birth and at 5 months of age: the child's gender, breastfeeding at 5 months of age (1 ϭ full, 2 ϭ partial, 3 ϭ finished, and 4 ϭ never breast fed), maternal smoking during pregnancy (0, 1-5, 6 -10, or Ͼ10 cigarettes per day), multiple pregnancy (singleton versus multiple), parental education (from I ϭ elementary school to IV ϭ university education; the average of the mother's and the father's educational level was used), maternal age at delivery, and her self-reported height.
Statistical Analysis
Body size at birth and at 5, 20, and 56 months of age was converted into z scores (mean: 0; SD: 1) by gender. The raw scores in the cognitive ability tests were also standardized (mean: 100; SD: 15) to make achievements in the ability tests comparable. The standardized scores for body size measures and in the cognitive ability tests represent the difference from the mean value for the sample of children participating in the current study and who were born at term free of any major impairment and/or mental retardation. Multiple linear regression analyses were used to test the effect of body size at birth and at 5, 20, and 56 months and growth from birth to 5, 20, and 56 months of age (ie, growth conditional on previous history) on the child's cognitive abilities. Because these relationships are not necessarily linear, 25 to test the potential U-shape relationships, we used multiple linear regression analyses and analyses of covariance. In the former, the Ushaped relationships were modeled via squared terms, and in the latter, polynomial contrasts were computed for body size at birth, achieved body size, and growth to 56 months grouped into 8 deciles. Table 1 shows the characteristics of the main variables in the 2 groups, those admitted to the neonatal ward and those not admitted. The infants in the first group were lighter, thinner, and had a smaller head circumference at birth, but the 2 groups did not differ in anthropometric measures after birth or in their cognitive-ability test scores. The admitted infants were born earlier (mean: 39. cigarettes per day, respectively; Ps Ͼ .05). Because some of the conditions in the admitted group may affect cognitive development, ie, hyperbilirubinemia, sepsis, a low 5-minute Apgar score (Ͻ4), and hypoglycemia, we also compared the infants with any of these conditions (n ϭ 53) with admitted infants with any of the other conditions and with the rest of the sample in terms of cognitive abilities. The groups did not differ in any of the cognitive ability tests (Ps Ͼ .24). Therefore, we present a pooled analysis.
RESULTS
Furthermore, gender-specific analyses indicated that the girls were smaller than the boys in body size at each age (Ps Ͻ .001). Gender and gestational age were introduced as confounders in the first step (model I), followed in the second step by status of admission to the neonatal ward, breastfeeding, smoking during pregnancy, multiple versus singleton pregnancy, parental education, and maternal age and height (model II). All of the results were also run without controlling for admission to hospital and adding maternal weight at delivery as an additional covariate into model 2. These changes did not alter the results and, thus, are not discussed further. 
Growth and Cognitive Abilities at 56 Months
When all of the confounders were controlled for, a slower gain in weight and in BMI from birth to 5 months was associated with worse performance in general reasoning and visual-motor integration (see Table 2 ). A slower growth in height from 5 to 20 months was associated with worse performance in visual-motor integration and from 20 to 56 months with worse verbal competence and language comprehension. A slower growth in head circumference from birth to 5 months and from 5 to 20 months predicted worse performance in visualmotor integration, and from 5 to 20 months it predicted worse performance in language comprehension. Furthermore, even after postnatal growth was controlled for, the birth-size measures generally had the largest and most consistently positive effects on cognitive abilities. The birth-size measures were most systematically associated with visual-motor integration. Furthermore, the analyses were rerun after the exclusion of infants with weight Ͻ2.5 kg at birth (n ϭ 48) and, thereafter, of those with neonatal hyperbilirubinemia, sepsis, a low 5-minute Apgar score, and/or hypoglycemia (n ϭ 53). These exclusions had a minimal effect on the results. Figure 3 reveals the following U-shaped relationships when all of the confounders had been controlled for: weight (Fig 3A) , head circumference (Fig 3B) , and BMI at 20 ( Fig 3C) and 56 months (Fig 3E) showed U-shaped relationships with visual-motor integration; weight at 56 months showed U-shaped relationships with general reasoning ( Fig 3D) ; and growth in BMI from 5 to 20 months showed U-shaped relationships with visual-motor integration (Fig 3F) . These relationships show that both a small and a large body size, and slower and faster growth, were associated with worse cognitive test performance.
U-Shaped Relationships Between Body Size at Birth and at 5, 20, and 56 months and Growth and Cognitive Abilities at 56 Months
DISCUSSION
In our sample of 1056 Finnish children born at term, those of a smaller relative size at birth and Յ56 months of age fared generally worse in cognitive ability tests at 56 months. Different periods and measures of somatic growth may cause different effects on later cognitive abilities: a slower gain in weight and BMI seems to be Unstand. regression coeff.
Unstand. regression coeff.
Unstand. regression coeff. Unstand. regression coeff.
FIGURE 2
Body size measures as predictors of cognitive abilities. The horizontal lines represent unstandardized regression coefficients (ie, mean change in test scores for 1 SD increase in growth indicator), and the vertical lines represent the upper and lower bounds of the 95% CIs. Model I was adjusted for gender and gestational age. Model II was further adjusted for admission to the neonatal ward, breastfeeding, smoking during pregnancy, multiple/singleton pregnancy, parental education, maternal age, and height. Birth size, growth rates from birth to 5 months, from 5 to 20 months, and from 20 to 56 months are considered simultaneously. The growth variables are expressed as standardized residuals of regression of size at each age stage on size at previous age stage(s), that is, growth conditional on history. The full model includes adjustments for gender, gestational age, admission to the neonatal ward, breastfeeding, smoking during pregnancy, multiple/singleton pregnancy, parental education, maternal age at delivery, and maternal height. negative in its effects during the early months, and a slower gain in head circumference seems to extend its effects from birth until near the second birthday, whereas a slower gain in length seems to play a role after the first months. As far as the different cognitive domains were concerned, general reasoning and visualmotor integration seemed to be predominantly predicted by growth in infancy, whereas growth later in childhood mattered more for the development of verbal competence and language comprehension. Our findings also revealed that, in a few cases, a larger body size and faster growth were associated with lower scores on cognitive tests. One of the major strengths of this study is that anthropometric measures were available at different points of early childhood development, thereby making it possible to detect the periods of growth that are the most critical. A further advantage is that we had measures of gestational age available, thus allowing us to investigate whether growth predicted cognitive abilities among children born at term. We also had information on several factors known to be associated with cognitive abilities, which allowed us to test whether body size has independent effects.
There are limitations to our study. Two thirds of the infants participating in the Arvo Ylppö Longitudinal Study were admitted to the neonatal ward. Those in the admitted group were born smaller and earlier, came from less educated families, and were breastfed for a shorter time. However, the morbidity of the cohort hospitalized in Finland in the mid-1980s was lower than that of newborns admitted to the hospital today. A large proportion of our admitted group suffered from problems of a transient nature, an indication of this being that there were no differences in somatic growth up to 56 months or in cognitive abilities between the admitted and the notadmitted groups. The majority of the admitted infants had no diagnosed illness and were on the ward for observation or because of common problems of neonatal adaptation. Moreover, excluding those who suffered from a condition with potential cognitive consequences and those with a low birth weight (Ͻ2.5 kg) had no significant effect on the results. Loss to follow-up is also inevitable and introduces a potential selection bias. Although the participants in the current study did not differ in many variables from those lost to follow-up, they had better-educated parent(s), older mothers, a longer gestational length, and a larger birth size. The results, therefore, should not be generalized to all children born at term and may rather be more characteristic of children growing up in more affluent environments. The loss of "high-risk" infants could have led to the underestimation of an association, and the loss of participants may have undermined the ability to detect an association. Thus, loss to follow-up may have reduced rather than amplified our ability to detect significant associations in general.
Our findings showing associations between smaller relative body size and worse subsequent cognitive abil- 
FIGURE 3
Multiple linear regression analyses (squared terms of body size measures) and analyses of covariance (polynomial contrast) testing the curvilinear relationships between body size at birth, at 5, 20, and 56 months and growth and cognitive abilities at 56 months.
ities are in accordance with the majority of previous findings, 18, [26] [27] [28] [29] [30] [31] [32] and extend them in significant ways. Of the previous studies on children born at term, to our knowledge, 3 have focused solely on weight, 30-32 1 solely on head circumference, 18 and none on length or BMI at birth. In our cohort, head circumference had the most striking effect on the measures of cognitive abilities.
With regard to postnatal growth, to our knowledge only 2 previous studies have focused on samples born at term. 18, 26 Gale et al 18 demonstrated that, whereas slower growth in head circumference from birth to 1 year was related to lower verbal and performance IQ at the ages of 4 and/or 8 years, growth from 1 to 8 years was not. Silva et al 26 showed that slower growth in height and head circumference from 5 to 10 years predicted worse general cognitive abilities at the age of 10 years. Furthermore, weight gain from birth to the age of 10 years had a small negative effect on cognitive abilities. 26 Our results suggesting that slower growth in early childhood predicts worse cognitive abilities are, thus, in general agreement with earlier findings. However, when their clinical significance is evaluated, it should be kept in mind that the associations found were relatively modest. Measurements of body size are, nevertheless, crude measurements of conditions during childhood, and any association gives a hint of a biologically significant relationship. We also tested the possibility that the associations were nonlinear. Some previous studies indicate that birth weight may show an inverse U-shaped relationship with later cognitive abilities. 25 There is also evidence that faster weight gain from birth to 10 years 26 and after 15 years may be inversely associated with cognitive performance. 12 Thus, whereas the majority of the associations that we found point to linear relationships, this was not the case for all of them. There was no evidence of nonlinear association between birth size and cognitive abilities, but there was some evidence of a U-shaped association between postnatal growth and cognitive abilities. Our study, thus, contributes significantly to the current literature in showing that both a smaller body size and slower growth and a greater body size and faster growth may be related to lower scores on tests of cognitive ability.
There are no known biological mechanisms linking growth with cognitive development. Growth during the early years of life is a robust indicator of a broad range of adversities acting through multiple causal pathways. 33 Insulin-like growth factor (IGF)-1 34, 35 mediates the effects of the growth hormone and has a significant role in somatic growth regulation and organ development. IGF-1 levels in childhood have been found to be related to verbal competence in a population-based sample of children 34 and among children born small for gestational age and treated with a growth hormone. 36 Thus, it is hypothesized that IGF-1 also has an impact on brain development.
CONCLUSIONS
To conclude, we found clear evidence that, even within children born at term, fetal and childhood growth is of major importance in laying the foundations of individual differences in cognitive abilities.
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